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Abstract: We discuss the single-diractive production of cc pairs and charmed mesons
at the LHC. For a rst time we propose a kt-factorization approach to the diractive pro-
cesses. The transverse momentum dependent diractive parton distributions are obtained
from standard (collinear) diractive parton distributions used in the literature. In this cal-
culation the transverse momentum of the pomeron is neglected with respect to transverse
momentum of partons entering the hard process. We also perform a rst evaluation of the
cross sections at the LHC using the diractive transverse momentum dependent parton
distributions. The results of the new approach are compared with those of the standard
collinear one. Signicantly larger cross sections are obtained in the kt-factorization ap-
proach in which some parts of higher-order eects is eectively included. The dierences
between corresponding dierential distributions are discussed. Finally, we present a fea-
sibility study of the process at the LHC using proton tagging technique. The analysis
suggests that the measurement of single-diractive charm production is possible using AT-
LAS and CMS/TOTEM detectors.
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Diractive hadronic processes are a special class of production mechanisms when forward
emitted proton(s) is (are) accompanied by a sizeable (a few rapidity units) rapidity gap(s)
starting from the most forward (in rapidity) proton(s) towards midrapidities. If only one of
the forward protons is required, such processes are called single-diractive. These processes
were studied theoretically in the so-called resolved pomeron model [1]. It was realized dur-
ing the Tevatron runs that the model, previously used to describe deep-inelastic diractive
processes, must be corrected to take into account absorption eects related to hadron-
hadron interactions. Such interactions, unavoidably present in hadronic collisions at high
energies and not present in electron/positron induced processes, lead to a damping of the
diractive cross section. In theoretical models this eect is taken into account by multiply-
ing the diractive cross section calculated using HERA diractive PDFs by a phase-space
independent factor called the gap survival probability | SG. Two theoretical groups spe-
cialize in calculating such probabilities [2{4] and provide numerical values of SG for various
energies and dierent types of diractive mechanisms. At high energies such factors, in-
terpreted as probabilities, are very small (of the order of a few %). This causes that the
predictions of the diractive cross sections are not as precise as those for the standard
inclusive non-diractive cases. This may become a challenge after a precise diractive data
from the LHC will become available.
Several processes have been considered on the theoretical side and discussed in the
literature. Studies were performed for single W [5, 6] and Z [7] boson, di-jet [8], direct
photon [9], photon-jet [10], di-lepton [11, 12], W+W  [13], cc [14] and bb [15] pair produc-

















From the experimental side there are also several interesting results published. For
example: rapidity cross sections [16], production of diractive minimum-bias [17, 18], pro-
duction of W bosons [19, 20] and di-jets [21{24].
There are two alternative approaches in the literature how to calculate hard-diractive
processes. In the so-called dipole approach the amplitudes are modeled using a phenomeno-
logical ingredient: dipole-proton interaction cross section which is tted to HERA data.
The dipole model by construction violates Regge factorization. In ref. [25] an extra absorp-
tion was added on the top of the dipole model result. Recently we have carefully discussed
several weak points of the dipole approach for the inclusive Drell-Yan processes [26].
The published paper on single-diractive production of cc [25] includes only processes
that avoid so-called pomeron remnants in the nal state. In contrast, only the latter ones
are included in the resolved pomeron model.
The resolved pomeron model, the one we are using here, is constructed according
to quite dierent philosophy based on the so-called diractive parton distributions. The
latter objects are constructed based on the Regge picture but are adjusted to experimental
data measured at HERA. This approach is commonly accepted in the literature. It was
commonly used for dierent single-diractive processes (dijets, qq, W, Z, photon-jet, Drell-
Yan). Using naively the model with parameter from HERA at hadronic processes would be
consistent with factorization. In our model factorization is, however, broken by absorption
corrections included explicitly in our calculation.
In ref. [27] we have discussed a formally equivalent (to the dipole approach) approach
where we use unintegrated gluon distributions instead of parametrizing dipole cross section.
The cross section obtained in this approach is, however, much smaller than the cross section
obtained in the present paper. This was interpreted in ref. [27] as being only a small, semi-
exclusive contribution to the diractive cc cross section, so cannot replace the resolved
contribution with pomeron remnant in the nal state. In addition, this is a mechanism
which corresponds to a mechanism considered in the dipole model.
In this paper we consider diractive production of charm for which rather large cross
section at the LHC are expected, even within the leading-order (LO) collinear approach [28].
On the other hand, it was shown that for the inclusive non-diractive charm production
the LO collinear approach is rather poor approximation and higher-order corrections are
crucial. In contrast, the kt-factorization approach, which eectively includes higher-order
eects, gives a good description of the LHC data for inclusive charm production at
p
s
= 7 TeV (see e.g. ref. [29]). This strongly suggests that application of the kt-factorization
approach to diractive charm production would be useful.
To sum up, the measurement of diractive production of charm would be very useful
to pin down the mechanism of diractive production in general. Since such a measurement
seems important and useful, in the present paper we present also a feasibility study for the
diractive production of charm mesons within the ATLAS and CMS/TOTEM detectors.
Experimentally, diractive events could be selected by looking for the large rapidity gaps
or by measuring the forward protons that remain intact during the interactions. The
latter formally requires a cooperation of the main ATLAS or CMS detectors with a special

















Figure 1. A diagrammatic representation of the considered mechanisms of single-diractive pro-
duction of heavy quark pairs within the kt-factorization approach.
The present paper is organized as follows. Section 2 describes the theoretical framework
based on the so-called resolved pomeron model extended to the kT -factorization formalism
that is used in the numerical calculations throuhout the whole paper. In section 3 we
present rst numerical results of the calculations of the single-diractive cross section for
charm quarks and for D mesons at the LHC, including several dierential single-particle as
well as correlation distributions. Section 4 is devoted to the discussion of the role of the gap
survival factor, its contribution to the overall uncertainty of the theoretical predictions and
its possible extension to the phase-space dependent version in future. Section 5 contains
detailed feasibility studies of the process under consideration, that are especially focused
on the ATLAS and/or CMS future analyses. Finally, some concluding remarks and outlook
are given in section 6.
2 Formalism
A sketch of the underlying mechanism with the notation of kinematical variables or some
theoretical ingredients used in the theoretical formalism is shown in gure 1. Here, we pro-
pose an extension of the standard resolved pomeron model [1] based on the LO collinear
approach by adopting a framework of the kt-factorization as an eective way to include
higher-order corrections. Such an approach is very useful e.g. in the studies of kinematical
correlations [29]. According to this model the cross section for a single-diractive produc-
tion of charm quark-antiquark pairs, for both considered diagrams (left and right panel of
gure 1), can be written as:









 FDg (x1; k21t; 2)  Fg(x2; k22t; 2); (2.1)


























where Fg(x; k2t ; 2) are the \conventional" unintegrated (kt-dependent) gluon distributions
(UGDFs) in the proton and FDg (x; k2t ; 2) are their diractive counterparts | which we
will call here diractive UGDFs (dUGDFs). The latter can be interpreted as a probability
of nding a gluon with longitudinal momentum fraction x and transverse momentum (vir-
tuality) kt at the factorization scale 
2 assuming that the proton which lost a momentum
fraction xIP remains intact.
In the approach applied here, we neglect a possible inuence of the pomeron/reggeon
transverse momentum on the transverse momentum of the initial o-shell gluon from
pomeron/reggeon. The eect is assumed to be negligible since the transverse momenta
of incident gluon are typically larger (or much larger) than the transverse momenta of
pomeron/reggeon (equal to the transverse momenta of outgoing proton). We will come
back to the issue when presenting numerical results.
The partonic cross section for the considered hard scattering reads:





(2)22(p1 + p2   k1   k2) jMgg!cc(k1; k2)j2 ;
(2.3)
where p1; E1 and p2; E2 are the momenta and energies of outgoing c and c, respectively,
and jMgg!cc(k1; k2)j2 is the o-shell matrix element for the gg ! cc sub-process.
According to the so-called proton-vertex factorization, the diractive collinear gluon
distribution in the proton can be written in the form where the variables related to the
proton kinematics are separated from those connected with the hard interaction:
gD(x; 2) =
Z













where  = xxIP is the longitudinal momentum fraction of the pomeron carried by gluon and
the ux of pomerons may be taken as:
fIP (xIP ) =
Z tmax
tmin
dt f(xIP ; t): (2.5)
The unintegrated (kt-dependent) diractive gluon distributions in the proton can be
easily obtained from the collinear diractive PDFs by applying the Kimber-Martin-Ryskin
(KMR) approach [30]. According to this procedure, the diractive unintegrated gluon












































where gD and qD are the collinear diractive PDFs in the proton and can be taken e.g. from

















The Pgq and Pgg are the usual unregulated LO DGLAP splitting functions. The Heaviside
step function  implies the angular-ordering constraint of the phase space  = =( +
kt) for gluon emission particularly to the last evolution step to regulate the soft gluon
singularities. The above denition is fully satised for kt > 0, where 0  1 GeV is the
minimum scale for which DGLAP evolution of the collinear diractive PDFs is valid. The
Sudakov form factor Tg(k
2
t ; 
2) is responsible for virtual loop corrections and gives the
probability of evolving from a scale kt to a scale  without any new parton emissions. It























where nF is the number of quark-antiquark avours into which the gluon may split. Due
to the presence of the Sudakov form factor in the KMR prescription only last emission
generates transverse momentum of the incoming gluons. The unique feature of the KMR
model of UGDF is providing possibility for the emission of at most one additional gluon.
Therefore, one can expect that the KMR model may include in an eective way higher-order
corrections to heavy quark production cross section.
Because of the UGDF denition in the KMR approach one needs to also apply the
following transformation:

















is exactly satised if one denes:










so that the density of gluons in proton is constant for kt < 0 at xed x and .
In this paper, the diractive KMR UGDFs are calculated from the \H1 2006 t A"
diractive collinear PDFs [31], that are only available at next-to-leading order (NLO).
Consistently, in the calculation of the conventional non-diractive KMR UGDFs the
MSTW2008nlo collinear PDFs [32] were used. In the perturbative part of calculations we
take running coupling constant S(
2
R), the charm quark mass mc = 1:5 GeV and the renor-
malization and factorization scales equal to the transverse mass of charm quarks/antiquarks











3 First numerical results
A naive application of Regge factorization to hadron-hadron collisions is known to be
violated. This is due to the fact that soft interactions lead to an extra production of

















Figure 2. Rapidity (left panel) and transverse momentum (right panel) distributions of c quarks
(antiquarks) for a single-diractive production at
p
s = 13 TeV. Components of the g(IP ) - g(p),
g(p) - g(IP ), g(IR) - g(p), g(p) - g(IR) mechanisms are included. Results for the LO collinear (black
long-dashed) and the kt-factorization approach (red solid) are shown separately. Details are specied
in the gure legends.
the calculations below we use the gap survival probability factor SG = 0.05 (used by other
authors) to eectively include these eects. This is very approximate approach. We expect
related uncertainty of the order of factor 2. Clearly dedicated studies are required in future.
Some aspects of the problem are discussed in section 4, some are left for future studies.
In gure 2 we show rapidity (left panel) and transverse momentum (right panel) dis-
tribution of c quarks (antiquarks) for the single diractive production at
p
s = 13 TeV in
proton-proton scattering. The leading g(IP ) - g(p), i.e. gluon in pomeron { gluon in proton,
(or g(p) - g(IP )) and the subleading g(IR) - g(p), i.e. gluon in reggeon { gluon in proton,
(or g(p) - g(IR)) components are included. We limit the range of the momentum fractions
xIP and xIR in the numerical calculations to xIP ; xIR < 0:15 which reects the maximal
experimental coverage at the LHC.
Distributions calculated within the LO collinear factorization (black long-dashed lines)
and for the kt-factorization approach (red solid lines) are shown separately. We see sig-
nicant dierences between the both approaches, which are consistent with similar studies
of standard non-diractive charm production (see e.g. ref. [29]). Here we conrm that the
higher-order corrections are very important also for the diractive production of charm
quarks. Predictions within the kt-factorization give a signicantly larger dierential cross
section in the whole pt and y ranges, except for a very small transverse momenta and
extremely forward/backward rapidities.
In gure 3 we show the invariant mass distribution of cc pairs for a single-diractive
production at
p
s = 13 TeV. The shapes of the distributions obtained for the LO collinear
and the kt-factorization approach are rather similar. However, the latter gives larger cross
section approximately by a factor of almost 2{3.
Figure 4 shows the dierential cross section as a function of log10(x) where x is dened

















Figure 3. Invariant mass distributions of cc pairs for a single-diractive production at
p
s =
13 TeV. Here, the charm quark rapidity and transverse momentum were limited to jyj < 8 and
0 < pt < 30 GeV, respectively.
Figure 4. The dierential cross section as a function of log10(x) with x being the non-diractive
gluon longitudinal momentum fraction (left panel) and the diractive gluon longitudinal momentum
fraction with respect to the proton (right panel) for single-diractive production at
p
s = 13 TeV.
Results for the LO collinear (black long-dashed) and the kt-factorization (red solid) approaches are
compared.
side (left panel) or as the longitudinal momentum fraction of proton carried by the dirac-
tive gluon emitted from pomeron/reggeon on diractive side (right panel). In the case of
non-diractive gluon (left panel) we see that for extremely small x values the LO collinear
predictions strongly exceed the ones of the kt-factorization. This eect also aects the ra-
pidity spectra in the very forward/backward regions (see gure 2) and is partially related
to a very poor theoretical control of the collinear PDFs in the range of x below 10 5.
In gure 5 we show again the rapidity (left panel) and transverse momentum (right
panel) distributions of c quarks (antiquarks) calculated in the kt-factorization approach.
Here contributions from the pomeron and the reggeon exchanges are shown separately.
The estimated sub-leading reggeon contribution is of similar size as the one of the leading

















Figure 5. Rapidity (left panel) and transverse momentum (right panel) distributions of c quarks
(antiquarks) for single-diractive production at
p
s = 13 TeV calculated within the kt-factorization
approach. Contributions of the g(IP ) - g(p), g(p) - g(IP ), g(IR) - g(p), g(p) - g(IR) mechanisms are
shown separately.
and g(p) - g(IP ) (or g(IR) - g(p) and g(p) - g(IR)) mechanisms are shifted to forward and
backward rapidities with respect to the non-diractive case. This is related to the upper
limit on diractive gluon longitudinal momentum fraction (x  xIP ).
Now we start our presentation of correlation observables. They cannot be calcu-
lated within the LO collinear factorization but are easily obtainable in the kt-factorization
approach.
The distribution of azimuthal angle 'cc between c quarks and c antiquarks is shown
in the left panel of gure 6. The cc pair transverse momentum distribution pccT = j~pct + ~pct j
is shown in the right panel. The results of the full phase-space calculations illustrate that
the quarks and antiquarks in the cc pair are almost uncorrelated in the azimuthal angle
between them and are often produced in the conguration with quite large pair transverse
momenta. The distributions may be dierent if one includes the kinematical cuts related to
the experimental coverage of detectors and/or hadronization eects. Exact calculation of
the absorptive corrections may also have some inuence on the shapes of the distributions
(especially for 'cc). However, in the moment, including them in a realistic manner is
technically a dicult task and goes beyond the scope of this paper.
Figures 7 and 8 show the double dierential cross sections as a functions of transverse
momenta of incoming gluons (k1T and k2T ) and transverse momenta of outgoing c and c
quarks (p1T and p2T ), respectively. We observe that quite large incident gluon transverse
momenta enter into our calculations. The major part of the cross section is concentrated
in the region of small kt's of both gluons but long tails are present. Transverse momenta
of the outgoing particles are not balanced as they are in the case of the LO collinear
approximation. Such asymmetric congurations, where one pt is small and the second
one is large, correspond to the higher-order corrections in the collinear case and are also
present in the kt-factorization approach. Both pomeron and reggeon components give

















Figure 6. The distribution in cc (left panel) and distribution in p
cc
T (right panel) for kt-
factorization approach at
p
s = 13 TeV.
Figure 7. Double dierential cross sections as a function of initial gluon transverse momenta
k1T and k2T for single-diractive production of charm at
p
s = 13 TeV. The left and right panels
correspond to the pomeron and reggeon exchange mechanisms, respectively.
In gure 9 we show a double dierential cross section as a function of the transverse
momenta of outgoing proton and incident gluon (on the pomeron side). Again we see
quite large gluon transverse momenta, signicantly larger than the one of the outgoing
proton. The cross section is concentrated in the region of proton pT smaller than 1 GeV.
From the kinematics, the transverse momentum of the outgoing proton must be equal to
the transverse momentum of the pomeron (or reggeon). This conrms that, in the rst
approximation, the pomeron (or reggeon) transverse momentum may be neglected and one
can assume its zero-inuence on the transverse momentum of the gluon emitted from the
pomeron (or reggeon). For completeness this eect could be included in a future. We leave

















Figure 8. Double dierential cross sections as a function of transverse momenta of outgoing c quark
p1T and outgoing c antiquark p2T for single-diractive production of charm at
p
s = 13 TeV. The
left and rights panels correspond to the pomeron and reggeon exchange mechanisms, respectively.
Figure 9. Double dierential cross sections as a function of pT of outgoing proton and kT of
incident gluon for the single-diractive production of charm at
p
s = 13 TeV. The left and right
panels correspond to the pomeron and reggeon exchange mechanisms, respectively.
Figure 10 shows double dierential cross sections as a function of pT of outgoing
proton and longitudinal momentum fraction of pomeron xIP (left panel) and reggeon xIR
(right panel). The maxima of the cross sections for pomeron and reggeon contributions
are concentrated in dierent regions of longitudinal momentum fractions. The pomeron
contribution is strongly peaked at very small xIP 's while the reggeon component rises when
going to larger xIR's. However, the observed dierences are not enough to show a clear way
for experimental separation of the both mechanisms. Similar conclusions were obtained in

















Figure 10. Double dierential cross sections as a function of pT of outgoing proton and longitu-
dinal momentum fraction of the pomeron xIP (left panel) and of the reggeon xIR (right panel) for
single-diractive production of charm at
p
s = 13 TeV.
Now we pass to the experimentally more motivated case of charm meson production.
In gure 11, as an example, we present theoretical predictions for a single-diractive pro-
duction of D0 meson at the LHC. Here the c ! D hadronization eects were taken into
account with the help of the standard Peterson fragmentation function (for more details see
e.g. [29]). The fragmentation function is normalized with the experimentally well-known
fragmentation fraction BR(c ! D0) = 0:565. From the dierent species of D mesons the
pseudoscalar neutral ones are produced most frequently. Here we concentrate on the AT-
LAS detector acceptance so the relevant cuts pDt > 3:5 GeV and jDj < 2:1 are applied.
Both, pomeron and reggeon contributions are shown separately and the latter is found to
be non-negligible, of the order of IPIP+IR  20%. The relative reggeon contribution may
be further slightly enhanced by increasing the lower limit of the xIP ; xIR but this will also
result in a some (factor 2{3) reduction of the overall visible cross section. Within the full
acceptance, the integrated cross section for the ATLAS detector is predicted at the level
of 3   4 b which is quite large. However, for a more denite conclusion whether the
single-diractive production of charm can be measured or not, a detailed feasibility studies
are needed and are presented in section 5.
4 Towards phase space dependent gap survival factor
In the calculations presented in this paper the gap survival was taken to be a constant
(small) value. Such values were typically obtained by two groups: Khoze-Martin-Ryskin
(KMR) [2] and Gotsman-Levin-Maor (GLM) [3], calculating average (!) gap survival factor
in soft single-diractive processes. It is not clear whether such a value is relevant for our
case. In principle, the gap survival factor may depend on several kinematical variables. To
our knowledge this issue was not yet seriously discussed in the literature, especially in the

















Figure 11. Transverse momentum distribution of D0 meson within the ATLAS acceptance for
single-diractive production calculated within the kt-factorization approach. Details are specied
in the gure legend and in the text.
The dependence of the gap-survival factor on kinematical variables was calculated only
for purely exclusive reactions. Our group has some experience in this context (see [33, 34]
as typical examples).
It was shown that in exclusive reactions, as pp! pp+  for instance, the gap survival
factor strongly depends only on t1 and t2 variables. Similar observation was made e.g.
for the pp! ppJ=	 reaction [35]. The numerical eect depends therefore on whether the
pomeron or photon is exchanged. We have checked that there is only very mild dependence
of the gap survival factor on invariant mass of the created system and other variables.
The semi-exclusive single-diractive reactions are paradoxically more dicult (bigger
number of objects involved than in purely exclusive reactions). We wish to consider here
a rst toy model which may have some relevance for the case of interest. We start from
the known to us case of exclusive production. How we proceed to the semi-exclusive case
is sketched in gure 12. In our case of interest there is only one pomeron exchange instead
of two pomeron exchanges for the pp! pp+  process. Therefore we replace the second
pomeron exchange in exclusive case by a ctitious interaction with a steep t2 dependence.
Here we are only interested in the dependence of the gap survival factor on t1, therefore it
is enough to consider the ratio of cross section when including absorption eects and the
cross section when neglecting absorption eects. The absorption eects are calculated as
in ref. [33]. The strength of the coupling of the extra pomeron (leading to absorption) to
proton and or proton remnant is kept the same as in ref. [33]. The coupling relevent for
the energy considered here is taken.
In gure 13 we show the resulting gap survival factor as a function of t (t1 in our
toy model) (left panel) and invariant mass of the cc system (right panel). In obtaining
this result we have checked that the slope of the t2 dependence of the ctitious exchange
practically does not inuence this eect. We get SG  0.1 or even less at low t1. In contrast,
at larger t1 we get even an enhancement. Similar enhancement was obtained in ref. [33]

















Figure 12. A diagrammatic representation of the toy model for semiexclusive production of cc.
The left and right diagrams are for t- and u-channels, respectively.
Figure 13. Gap survival factor as a function of t = t1 (left panel) and Mcc (right panel). The
result was obtained in the toy model sketched in gure 12. The slope of the pomeron exchange was
xed to B = 4 GeV 2, which corresponds to the coupling of pomeron to c=c quarks/antiquarks. The
slope of the ctitious interaction was taken to be B = 10 GeV 2 (dashed line) and B = 20 GeV 2
(solid line).
reaction. In contrast to the t distribution there is practically no dependence of gap survival
factor on Mcc (see the right panel of gure 13).
The obtained here gap survival factor could, in principle, be used to roughly correct
d=dt of the scattered protons for our single-diractive production of charm. Such a
distribution could be accessible experimentally only when measuring forward protons. This
will be hopefully the case in a future. For all other distributions presented in the present
paper it is enough to multiply them by a constant gap survival factor.
Clearly it is very rst attempt to estimate absorption eects for the considered reaction.
More theoretical eort is required.
An alternative approach to gap survival and factorization breaking is to implement

















based on the eikonalization of the partonic cross section in hadronic collisions. Accord-
ing to this concept, any additional partonic scattering results in a colour exchange that
would destroy a rapidity gap required in diractive events. Some time ago PYTHIA has
been used to calculate gap survival probability for exclusive Higgs boson production [36].
This analyses open a possibility to compare both approaches. As it turns out, the values
predicted by PYTHIA are numerically in good agreement with those calculated in the
standard approach by the KMR and GLM groups [4].
Very recently, the dynamic gap survival method has been incorporated in PYTHIA [37].
This unique tool opens a new possibility to extend our limited understanding of the eects
associated with diractive production. However, the treatment of the MPI's in the dirac-
tive case is not clear and has large uncertainties. For our purposes, we have checked only
that in the case of reaction considered in this paper, there is no t-dependence of the dy-
namical gap survival probability so one can use one global factor. The question is, however,
very interesting, still open, and requires further theoretical engagement.
5 Feasibility studies
The predictions described in this paper can be veried experimentally using the LHC data.
The characteristic signatures of a charm meson production in a single-diractive mode
are: large rapidity gap and scattered proton. The former one can be used by the LHCb
experiment which has a good acceptance in the forward region. The latter, discussed
in detail in the following section, can be used by ATLAS and CMS/TOTEM as these
experiments are equipped with a special forward proton detectors.
Diractive protons are usually scattered at very low angles, i.e. they are produced
into the LHC beamline, thus cannot be measured. In order to measure them dedicated
detectors, located in the LHC beam pipe hundreds of meters away from the interaction
point, are needed. At the LHC there are two sets of such detectors: TOTEM/CT-PPS [38]
installed around CMS interaction point and ALFA [39] and AFP [40] which are a part
of the ATLAS experiment. The studies presented in this section focus on the ATLAS
detectors, but very similar results are expected for the CMS/TOTEM case.
Charmed mesons are identied using tracks reconstructed by the ATLAS inner detec-
tor. Diractive signature is due to the forward proton tag. Taking this into account, there
are two main sources of background: soft single-diractive and non-diractive production.
The presence of forward proton in the latter case is usually due to the pile-up | a situation,
in which there are more than one interaction during a bunch-crossing. Therefore rather
low pile-up runs are required.
Events with charmed mesons may be triggered using items sensitive to charged parti-
cles. Due to the minimum-bias backgrounds it is desirable to have a possibility of dening
minimal transverse momentum in the trigger chain. In case of the ATLAS detector, the
triggering can be done by requiring at least two hits in the Minimum Bias Scintillators or

















5.1 Charm meson reconstruction
Studies performed below are similar to the ones done by ATLAS (see ref. [41]). In the
following, as an example, the production of D charmed mesons (hereafter called signal)
is discussed. However, it is worth stressing that the production of D and Ds is also fea-
sible. Predictions are based on events generated accordingly to the theoretical calculations
described earlier in this paper. In these studies hadronization of charm and anti-charm
quarks was done using Pythia 8 [42].
The response of the ATLAS detector was mimicked by applying a Gaussian smearing
of 0:03 
 pT in transverse momentum, 0:03 in pseudorapidity and 0:02 rad in azimuthal
angle for each stable particle. These values are conservative and based on the performance
studies published in [43] and [44]. In order to illustrate the detection eciency, each track
had a 85% chance of being reconstructed (see e.g. ref. [45]). The reconstruction eciency
of forward proton detectors was set to 95% [40].
The D mesons were identied in D ! D0 ! (K +) decay channel.
For each signal and background event, all pairs of oppositely-charged tracks, each with
pT > 1:0 GeV, were combined to form D
0 candidates. The decay length of the D0 meson,
calculated as the transverse distance between the candidate vertex and the primary vertex
projected along the total transverse momentum of the track pair, was required to be greater
than zero. The vertex reconstruction resolution of 300 m was used [44]. In order to cal-
culate the D0 invariant mass, kaon and pion masses were assumed in turn for each track.
In order to pass selection, events were required to be within 1:82 < M(D0) < 1:91 GeV
mass window. Finally, D meson candidates were reconstructed in the range of transverse
momentum pDT > 3:5 GeV and pseudorapidity jDj < 2:1. The background was reduced
by requiring pDT =ET > 0:02, where ET is a sum of the transverse energy of stable particles
(except neutrinos) generated within the range of the ATLAS calorimeter (jj < 4:9).
After the selection described above, a clear signal is visible (see gure 14) in the region
of 0:144 < M < 0:148, where M = M(K) M(K) is a dierence between the mass
of D and D0 meson. The gure was done for relatively small pile-up intensity value of
 = 0:5.
5.2 Forward protons
Due to the presence of the LHC magnets between the interaction point and the forward
proton detectors, the proton trajectory is not a straight line. Obviously, it depends on
the settings of the magnetic eld. In the simplest way, such settings, called optics, could
be characterized by the value of the betatron function at the interaction point, . In the
following, two optics at which the ATLAS forward detectors could take data are considered:
 = 0:55 m and  = 90 m. Their properties are described in details in ref. [46] and their
choice is justied in ref. [47].
The scattered protons were assumed to be measured in the forward detectors: ALFA
and AFP. Together with two considered optics, this means four dierent experimental
















































mass difference, ∆M = M(D*) - M(D0) [MeV]




 → D0pi± → (Kpi)pi±
single diffactive charm
soft single diffraction
non-diff. prod. + proton
Figure 14. Visible cross section after the event selection as a function of mass dierence between
D and D0 mesons. The black line is for signal whereas the red(blue) ones for single(non-)






























 → D0pi± → (Kpi)pi±
AFP,   β* = 0.55 m
AFP,   β* = 90 m
ALFA, β* = 0.55 m


























√s = 13 TeV
D*
±
 → D0pi± → (Kpi)pi±
AFP,   β* = 0.55 m
AFP,   β* = 90 m
ALFA, β* = 0.55 m
ALFA, β* = 90 m
Figure 15. Sample purity as a function of pile-up intensity. The left panel shows situation with
and the right panel without single vertex requirement (see text).
Protons were transported to the location of forward detectors using parametrised trans-
port [48] trained on the relevant LHC optics [46]. Protons were checked to not be lost in
the LHC aperture and to be within the detector active area. The beam-detector distance
was set as in ref. [47].
The purity, dened as a ratio of signal (S) to the sum of signal and background (S+B)
events, is shown in gure 15. The left(right) gure is for the situation with(without) single
vertex requirement. Smaller purity for the case of the ALFA detector and  = 90 m optics
is due to the protons scattered elastically. An additional anti-elastic selection (cf. ref. [49])
should improve the results.
In order to increase purity in the low pile-up data taking conditions, events with only
one reconstructed vertex were considered. As is discussed in ref. [47], such a selection will











































√s = 13 TeV
D*
±
 → D0pi± → (Kpi)pi±
1 reco. vtx.
τ = 10 h, nb = 100
AFP,   β* = 0.55 m
AFP,   β* = 90 m
ALFA, β* = 0.55 m






























√s = 13 TeV
D*
±
 → D0pi± → (Kpi)pi±
τ = 10 h, nb = 100
AFP,   β* = 0.55 m
AFP,   β* = 90 m
ALFA, β* = 0.55 m
ALFA, β* = 90 m
Figure 16. Statistical signicance for 10 hours of data-taking with 100 bunches as a function of
pile-up intensity . The left panel shows situation with and the right panel without single vertex
requirement.
5.3 Results
The quality of the measurement can be expressed in terms of the statistical signicance
dened as Sp
S+B
. The results for all considered scenarios and the data-taking time of 10
hours with 100 colliding bunches as a function of pile-up is shown in gure 16. Again, the
left(right) gure is for the selection with(without) single vertex requirement.
As can be concluded from the above gures, pure and signicant measurement can be
performed for a wide range of experimental conditions (mean pile-up, 0:05 <  < 1). As
expected, a single vertex requirement improves the purity for  . 1. For data taken with
 > 1 the purity of the sample will be low, but the presence of the signal should be evident.
6 Conclusions
Charm production is a good example where the higher-order QCD eects play an important
role. For the inclusive charm production we have shown that these eects can be eectively
included in the kt-factorization approach [29]. In the present paper we have presented a
rst application of the kt-factorization to the hard single-diractive production.
In our approach we decided to use the so-called KMR method to calculate dirac-
tive unintegrated gluon distribution. As usually in the KMR approach, we have calcu-
lated diractive gluon UGDFs based on collinear distribution, which here is the dirac-
tive collinear gluon distribution. In our calculations we have used the H1 Collaboration
parametrization of gluon distributions tted to the HERA data on diractive structure
function and di-jet production.
Having obtained unintegrated diractive gluon distributions we have performed cal-
culations of several single-particle and correlation distributions. The results have been
compared with the results of the leading-order collinear approximation. In general, the
kt-factorization approach leads to larger cross sections. However, the K-factor is strongly
dependent on phase space point. We expect that our new predictions are better than the

















imuthal angle correlation between c and c, and cc pair transverse momentum have been
calculated for the rst time.
The obtained cross sections for diractive production of charmed mesons are fairly
large and one could measure them. Such a measurement should give a chance not only to
better understand the underlying mechanism of diractive charm production but also the
diractive production in general. Therefore, we have supplemented our theoretical studies
by a feasibility ones. The feasibility study of diractive production of charm was done using
forward proton spectrometers installed by the ATLAS and TOTEM collaborations at the
LHC. These experiments should be able to measure D, D and Ds charmed mesons
produced with diractively scattered proton. Taking the example of D production, we
have shown that after the signal selection, a pure and signicant measurement is expected
to be doable for a wide range of experimental conditions (0:05 <  < 1).
In future, other unintegrated diractive parton distributions can be calculated in an
analogous way (KMR method) as for gluons. Such a new distributions could be used
for other hard diractive processes. This would open a new situation in studying hard
diractive processes. Several useful correlation observables would become accessible with
this technology. A next step would be e.g. diractive production of di-jets. For gauge
boson production one could try to discuss transverse momentum distributions of gauge
bosons as was done for the inclusive case. Clearly, new perspectives are now open.
So far there is only one measurement for single-diractive production of charmed
mesons [50]. The Fermilab data was a xed target diractive charm production for low en-
ergy (
p
s = 40 GeV), where the high-energy dipole approach with high-energy parametriza-
tion of dipole-proton cross section obtained fro the analysis of HERA data may be (at this
low energies) too approximate. We have checked that our (resolved pomeron) approach
gives cross section similar to the \experimental one". In fact the \experimental" in this case
means a crude extrapolation from a limited corner of the phase space (limited range of xF )
for D mesons to the full phase space based on the resolved pomeron (Ingelman-Schlein)
model. Also in our model the extrapolation to low energies is not very sure. Therefore we
did not take seriously the quasi data. We hope real data may be obtained only now at the
LHC and therefore we have presented relevant feasibility studies. We have presented sev-
eral dierential distributions that can be veried at the LHC. This would allow potentially
also negative verication. In contrast, only total cross sections were presented in the dipole
approach so far so its experimental verication may be dicult. In our opinion, comparing
to only total cross section extrapolated in a model dependent way to the full phase space
is rather risky.
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